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Control of Tsetse plies and Trypanosomiasis in East Africa 
- Framework for an Economic Evaluation -
I. introduction 
Diseases, in Africa South of the Sahara, have long been recognized 
as being among the major factors shaping the environment of man. 
Among them, the diseases described by the collective name of'.Afri-
can Trypanosomiasis are considered to be most significant. This is 
due to 
- the multiplicity of their impact on man; the pathogenic- nrotozoa 
(Trypanosome spp.') arc responsible for (i) G-ambiense Sleeping Sick 
ness,(i.i) Rhodcsiense Sleeping Sickness and (iii) Nagana. The first 
two are diseases of man., nagana or veterinary trypanosomiasis i.s 
a disease to which, most/domestic animals succumb; a major source 
of man's livelihood is thus threatened", 
- the wide distribution3, characteristically the transmission of the 
disease is effected by a. blood-sucking inscct, the tsetse fly 
.. (Glossina spp.) wild vertebrates usually constituting a. permanent 
trypanosome reservoir. This fly is spread oyer millions of square, 
miles in Africa with the resulting incidence or threat of trypa-
nosomiasis. t ' 
Over the years various techniques based on different principles have 
been developed to combat the disease and its vector. In the East Af-
rican countries permanent institutions have been established to deal 
with the problem0, millions of shillings arc spent every year to pro-
tect human hcalh to make production possible in areas infested by 
the tsetse--trypanosomiasis complex (TTC) and to reclaim areas from 
the tsetse flics. 
In a study presently bei ng, Tcarri ed out we are tryi ng, to assess the 
economi.cs of measures taken in the past against the TTC. In this . . 
paper we attempt to outline the framework' for an economic evalua-
tion by laying down the context wi.th.in which we shall, deal with 
the problem, the principles of the.evaluation technique we intend 
to apply and by pointing out ways to overcome some of the more ob-
vious difficulties in such an evaluation. 
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II, The Relevant Context; Tsetse and Trypanosomiasis as a Problem 
of Land Use. 
Stating the content of a problem determines to a large extent 
the scope of the examination and the range of alternative approaches 
considered. The crucial element determining the approach to the 
solution of problems presented by trypanosomiasis is its link to a 
vector, the tsetse fly, which itself is present only in rather well 
defined ecosystems.1 Thus the existence of tsetse-suitable areas 
determines on the whole the distribution of the. disease, making the a. cnaractorastIC 
potential or actual presence of the lattervof the land. Viewing 
the presence of the disease complex in such a way, the choice of a 
strategy,against trypanosomiasis becomes part of the overall economic 
problem Of the use of a particular area, i.e. the, choice of strategy 
will be dictated by the form of land use which will yield the highest 2 net returns from the resources invested. 
Presence of the disease is but one of.the many factors deter-
mining the use of land: many others belonging to different categories 
play a relevant role as well. It appears necessary to briefly ex-
pound on them to indicate the complexity of the decision making 
process called for., 
1. Factors Affecting Land-Use. 
The concept of land has been defined as the 
"sum total of the natural and man made resources over 
which possession of the earth's surface gives control". 
As such, land is a heterogeneous resource the use of which characterized 
by many factors. One may distinguish three major classes of factors: 
(i) Physical and biological (actual) factors like soil characteris-
tics , rainfall,availability of water, topography, geogra-
phical (fixed) location, presence of disease and presence of 
natural resouces like game, forests, minerals determine the 
objective framework on which land use depends. 
'Non-ecosystem bound spread of trypanosomiasis (mechanical) trans-
mission) is found as well, but its impact is overshadowed by the 
former, 
2 * It is Important to remember that different forms of land use allow 
for differential treatment of the problem. Thus by choosing a 
form of land use not affected by the disease complex, one may avoid 
the constraint alltogether. Alternatively, the permanent transforma-
tion of the tsetse ecosystem may appear profitable. Under certain 
conditions the change of a single element may be preferrable (e.g. 
reduction of fly populations through insecticides). 
Barlowe R. (1958) p.7 
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(ii) Technological factors, that is, the set of technologies 
available, at any point in time, to exploit and combine the ; 
physical -factors determines the range of possible land uses open 
to society. 
(iii) Socio-economic factors. Prices, of the inputs which are 
combined with land to yield desired outputs and the value of the 
planned product will affect preponderantly the decision of the 
rational economic man with respect to patterns of land use. 
Social customs, attitudes and beliefs often play an equally impor-
tant role. More so, economic institutions, that is "institutions 
that affect economic behaviour directly"^ by determining and shaping 
the economic signals (prices) to which the economic man reacts, have 
"a profound impact on land-use. 
Finally, the historical past use of the land will be a deter-
minant in as much as transformation costs and the existence of sunk 
costs will play a role in the decision. Thus a whole complex of 
factors determines land use. It is the aim of land economics to 
determine the most economical pattern of land use. 
2. Land Economics. 
Land in its most general form is a natural resource, that is 
an unproduced input to the productive process which is in limited 
supply. As land in itself is not productive, but yields output 
only when labour and capital are applied to it, its value (price) 
is a derived value, i.e. stems from the value of production it makes 
possible in combination with other resources minus all the costs that 
have to be incurred. We shall provisionally call this value the 
"net return". 
As the many physical and biological of land make for an 
heterogeneous resource, it is possible to distinguish land units 
according to an index of land use capacity, that is of the ability 
of land to produce returns above costs for any particular type of 
land use. A graphic representation of the index can be shown: 
1* Ciriacy-Wantrup S.V. (1963) p. 141 -
The cut off point in the index is determined "by the extensive 
margin of land-use, that is 'that point in a continuum of land areas 
with decreasing tise capacities beyond which it does not pay to bring 
additional land into production'1 for that particular use. The 
position of different types of land in the index is determined by 
that factor combination beyond which it does not pay to apply more 
variable inputs? this limit is called' 'the intensive margin of land 
use'. 
G-iven a certain type of land, its value will be determined 
by the highest net return that can be seciired through any type of 
use. 
In many instances land of a determinate quality is not fully 
inelastic in supply; additional units are available at cost. These 
costs, the conversion costs, are needed to offset undesired charac-
teristics (e.g. presence of the T.T.C), or to increase the supply 
'of a desired element (e.g. water). The problem of maximizing returns 
from an available unit of land then becomes one of optimal allocation 
of resources between two processes; land resource development and 
final output production, where the first is input to the second. 
Given a fixed amount of resources that can be devoted to the conver-
sion, or given at least the costs at which the necessary resources 
for conversion can be obtained (limited vs. unlimited budget) the 
aim is to obtain overall maximum net returns on investment. 
A consideration may be added at this point: land enters the 
productive process as a complex of characteristics: the change of 
one or even many of them may not affect its overall productivity if 
further limiting characteristics exist. Thus, while we may be 
interested in determining the best use of land after elimination 
of the TTC, one should be aware that without additional'improvements 
(conversion costs) the unit of land may still have a very low 
productivity. 
It would obviously constitute a formidable task to calculate 
the net returns from all types of land through all possible uses 
accounting for ail possible conversions to arrive at a general 
optimums attempts in this direction would have to be undertaken 
by developing general equilibrium models. In view of the known p 
severe restrictions presently limiting the usefulness of such models, 
and of the uncertainty about the usefulness of a static equilibrium 
solution for an economy under structural change, it appears that, 
when considering specific problems of land-use and land resource 
development we can never hope to achieve the 'best of all' solution. 
1* Barlowe R. (1958) p. 144-14-7 
2 * e.g. Henrichsmeyer (1966). 
By necessity we are forced to undertake a partial analysis, that 
is to confine ourselves to allocation of resources in a particular 
area of investigation, assuming the socio-economic environment as 
given, and a set of economic goals as axiomatic. Doubts have 
been voiced as to whether a partial analysis will ever result in 
an overall improvement.1 We "believe however that the forthcoming 
quantification of coefficients, the compilation of data and the 
highlightning of so far unnoticed aspects is justification enough. 
Furthermore, while we may not.be able to indicate unambiguously 
preferred strategies," it will be quite possible to gain some idea 
of the economic worthiness of strategies through an analysis of 
projects carried out in the past. 
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As a result., a new set of prices, shadow or accounting Tices, mpy 
have to :>e introduced that reflect more closely the value of goods 
and services to society. It i.s only then that the net benefit from 
a project can be considered, as a aood me- sure of the value of a 
project for the society. Little and I.'irrlees atat.es ; the art of 
Cost—Benefit Analysis is to assign prices to roods and services 
which do reflect their real costs to society and their real bene-
fits1, '. Goods and services bei.na revalued . i.th such accounting 
prices we may then redefine costs and "benefits as decreases and 
increases in 'social income'. 
In the following we shall sketch, some principles which will guide 
us in the determination of social benefits and costs. As our study 
is concerned with developing countries, adaptation to a situation 
of economic development is of central importance. Little I.U.D. 
and 7'irrlees J. A. (1969) have attempted a first comprehensive re-
formulation of the procedures of cost-benefit analysis for deve-
loping countries, /bile their approach is explicitly geared to an 
evaluation of industrial projects we believe that it is to a large 
extent similarljr applicable to pgri cultural projects. 
3. Establi sbing Benefits and Costs 
Of the factors we have listed before, the valuation of goods, and the weigh-
ing of consumption streams over tine in a developing.econom/ appear to be 
central, and shall receive proper attention now. 
3.1 Prices in o. Developing Economy. 
One of the major characteristics of a developing economy is the fact that 
the range of outputs is far from complete: while often most consumption goods 
may be home-produced, intermediate and capital goods have to be imported from 
abroad. This is to say that in the short run both the total production capaci-
ty and its structure are inflexible. 
Given an essentially low el asticity of demand for the major exported goods 
and a relatively small import of consumption goods, assuming domestic pro-
duction at full capacity, and consumption stabilized at politically acceptable 
levels, the capacity for output expansion becomes a function of the available 
foreign exchange. 
In other words, if no excess capacity exists, if savings cannot be increased 
in the short run, if the amo.unt of foreign exchange is fixed by internatio-
nal prices, the latter resource be'com'es the limiting factor crucial to 
investment decisions. i I : : • ' : . . . . . • 
A shortage of foreign exchange implies that domestic goods are overvalued 
with respect to imports. Account of this fact has been taken in the past by 
introducing a 1 shadow ration of exchange' 
1/ So that a balance between demand and supply could be achieved. 
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by which imports were revalued. While direct foreign exchange costs and 
receipts have thus been considered, it appears that such an estimation may 
in point of fact be misleading. For, under the assumptions quoted above, 
every output can either be directly ox- indirectly exported or used for import 
substition. The converse, of course is true for inputs. It follows that for 
all traded Roods, that is for all goods which are actually (and potentially) 
acquired (sold) abroad, world market prices in world currency to be used. —^ 
As it may be difficult to traco the world price for each individual good, a 
standard conversion factor, based on the ratio of world prices to domestic 
prices may be calculated. 
Particular difficulties arise with non-traded goods, like labor, land, 
internal transportation, for which no international prices can be establi-' 
shed, leaving the matter of wages to a later point, consistency requires 
that wo value local, goods in terms of their contribution to foreign exchange. 
This may indeed be possible, for 
"following the chain of production around, one must eventually end at 
3/ 
commodities that are exported or substituted for imports." — 
Here again, conversion factors may be used to facilitate the evaluative task. 
Summing .up, we shall attempt to evaluate outputs and inputs (except wages) 
in the following way: 
(i) Identify traded goods. Determine their world priccs and derive from 
them the total costs or benefits. 
(ii) Identify the non-traded goods. Determine their1 world price' by mul-
tiplying their money value by on appropriate Standard Conversion Factor. 
Consideration should be given to changes in the prices over time, and care 
ought to be taken that trends be properly ascertained. 
5.2 A c c ount ing ¥age s. 
A special problem is presented by wages. While skilled labor may be, up to 
a certain point, classified as 'tradoable' and thus subjected to the same 
principles as traded goods, unskilled labor has no world price. It has been 
often held that the real cost to society of shifting employment from the 
i,... 
traditional sector to preferred uses is the marginal loss of production. As 
in many economies the marginal product of la.bor is very low, the real cost 
of labor is deemed to be minor. This assumption, in view of Little and 
Mirrlecs, is somewhat misleading. The introduction of labor into the wage-
economy implies an increa.se in consumption which, assuming full employment 
of the resources of the economy, cannot be satisfied but by diverting, 
directly or indirectly, some foreign exchange from investment. In other 
words, the use of labor for development projects has, as a consequence, 
reduction of total investment, for scarce foreign exchange ha.s to be used 
to satisfy the consumption. Thus the real cost of wages must bo higher than 
the conventional opportunity cost of labor, even if not as high as the full 
monetary wage. 
2/ In practice'this means f.o.b. and c.i.f. priccs respectively. 
2/ Pittie I.K.D. - Mirrlees J.A. (1969) p. 93 . 
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An alternative way of explaining the reasoning is to point OUT that future 
consumption will be function of present investment. If the total capital 
available is restrained by the need to satisfy present added consumption 
generated by investment, a tradeoff between present and future generations 
needs to be established. 
It is worth while to mention that added consumption will limit investment 
only if worthwhile projects have to be postponed. Thus the shadow wage is a 
function of the rate of interest which makes the present social value of 
marginal projects 0. The latter rate is in turn a function of the shadow wage, 
which influences social value. 
Theoretically both values ought to be determined simultaneously, while in 
practice overall consistency is sufficient. 
5.5 The rate of Interest. 
One of the most controversial points of classical Benefit-Cost Analysis is 
the choice of the interest rate. Without going into the details of the highly 
technical discussion, we can say that two schools can be distinguished: those 
who want' to use the going longrun market ra.te as the expression of collective 
intertemporal weights, and those who deny any relation between a social and 
a private ra.te alltogether, and thus calling for governmental fiat. 
Both approaches have their difficulties in a developing economy: the private 
rate of interest may have little to do with social evaluation of future 
consumption streams, based as it is on high risks, which have no pla.ee in 
public evaluation. 
Ignorance, monopoly elements in the supply of money may add to the call for 
extensive reassessment, thus making the initial value quite useless. 
A centrally established accounting rate of interest which would ensure full 
use of national resources would be difficult to calculate and in fact has 
very selaomly been established in developing countries. 
Therefore, we basically take a rather empirical position, and shall assess 
the activities with different rates of interest, to see their stability 
under a.lterne.tive assumptions. 
3.4 Market Imperfections, External Effects, Secondary Benefits. 
The theory of Benefit Cost Analysis is based on the assumption of a perfectly 
operating market system, 'with smooth functions, correctly allocated benefits 
and costs, and absence of public goods. Reality, of course, particularly in 
a developing economy, is fraught with such imperfections, so that appropria-
te account of them has to be taken. 
Basically no different procedure has to be adopted from the standard me-, 
thodology, as outlined by Eckstein 0. (1958), provided that the pricing 
methodology suggested before is adopted, and then adjusted .according to the 
particular situation. This is nothing but to say that prices ought to be 
selected in such a way as to reflect, as much as it is possible, real value 
to society. 
A different matter alltogethcr is the contention that 'secondary benefits' 
arise to the economy because of the expansion in complementary industries, 
bo it oa tb.c input or output side, increases income in these subsi-
diary sectors. Here a few considerations must be made; 
- any -project will yield a similar value of secondary income in pro-
portion to its size, so that these benefits can be excluded for 
comparative purposes; 
- the assumption that the productive capacity of the economy is ful-
ly employed precludes the possibility of substantial secondary in-
comes; 
In particular as far as commercial projects are concerned (i.e. the 
product is sold on the market ) we are most apprehensive as far as 
justificication of the project with 1-rgo secondary income is concer-
ned. 
Another point of argument concerns non-ouant i.f i able external effects 
i.e. effects which do not accrue to those involved in the production 
processes of the project but to third parties. In this context the 
'demonstration effect' has often been given particular emphasis in 
developing countries. Thi.s effect refers eg. to the spread of a new 
tech.ni.oue in an area after it has been introduced through a pilot 
scheme. While such, effects m^y indeed exist, it appears that they 
often have been overstated. After all experience shows that the 
introduction of advanced agricultural technologies has led to a 
dual system of agriculture rather anan an overall improvement. This 
is mainly due toth.e fact overall adapt at.i.on of new techniques to 
local conditions is more difficult than anticipated. It is there-
fore felt that unless exceptionally good evidence exists for such 
a demonstrati.on effect we can safely neglect it for our study, or 
at the most give it some descriptive treatment. 
4. The Benefit-Cost Criterion 
Having established the costs and benefits of the projects under 
consideration, wc want then to arrive at a singlc-valued criterion 
which, shows us the economic worthiness (social profitability) of 
the respective projects. 
In an ex-ante analysis the choice of the criterion depends among 
other things on whether one is dealing with, a limited or an unli 
mi ted budget. In the latter case it is sufficient to establish the 
net benefits accruing over the years, and discount them back to the 
starting point. A positive present value indicates profitability. 
In a developing economy, however, it appears unwarranted to assume 
unlimited budgets; it is thus more appropriate to use either a 
benefit-cost ratio or to calculate the internal rate of return. 
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As our evaluations arc to give an in <3 i eat ion of f,|ac economic wor-
thiness of certain strategics and types of "projects for the futu 
re we shall adopt the latter approach. 
Arguments can "be put forth, for. either criterion (i.e. cost-bene-
fit ratio and internal rate of return). At. this stage no clear-
cut case can be made for either, and, essentially, experience 
has to accumulate before their relative suitability for choice 
i.n developing countries can be assessed. Particularly useful aprv 
pears the comparison of the two criteria in ex-post analysis, -be-
cause the availability of historical data allows us a more precise 
evaluation and a better ident ificat ion of the relative biases. 
lie shall therefore as far as possible employ both criteria. 
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III. Special Problems. 
(a) Heal tig - The presence of the TTC may affect human 
health in two principal ways (l) through incidence and 
threat of sleepingsickness and(2) through malnutrition, 
in particular protein deficiency, caused "by the effect 
of the TTC on production^ 
Health, production and economic development are cer-
tain interrelated and one may try to establish in quanti-
tative terms the economic effects improved health brings 
about. We do not adopt this approach since it appears 
impossible to quantify this relationship with any degree 
of certainty and since this approach still only considers, 
the "economic worth" of man. Instead.we adopt an "alter-
. native cost" approach.^ This needs explanation and justifi-
cation in the context of the two sets of effects on health. 
(2) Incidence and threat of human sleeping sickness. We 
assume that an activity in the past has been concerned with 
the elimination of sleeping sickness. The point of argument 
is then whether we can assess these benefits in economic 
terms. Our argument is guided by the following considera-
tions: - overa.il incidence of sleeping sickness in East 
Africa is low (about 1,000 new cases per year 
in a population of over 30 Mil.), the cases 
occur fairly localised^ 
- sleeping sickness is typically hot a debilitating 
disease with a long run effect on the productivity 
of an individual, but a killing disease so that 
the threat is to human life per se. 
while incidence of sleeping sickness is low, It 
always implies the danger of an epidemic, in 
particular since the epidemiology of the disease 
is not fully understood. 
Prom this we conclude that while the economic consequences 
of the disease may be negligeable control is absolutely 
necessary, i.e. some action against the disease is certain 
to be undertaken. 
-1* Eckstin (1966) p.52 
2* WHO (1969). 
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Furthermore: - in hardly any circumstance will. w.e Toe confronted 
with, projects concerned with human sleeping sickness 
alone 5 rather we are usually dealing, with situations 
where sleeping sickness is but one component of the 
total effect of the TTC and thus the control of 
sleeping sickness is only one component of the 
benefits from the project; 
- there are alternative methods of dealing with the 
problem of sleeping sickness; 
We therefore propose to assess for any particular situation 
the most economical method of dealing with sleeping sickness. 
When trying to evaluate a multipurpose project concerned with 
health and human life well as with promoting the cattle industry 
etc.; the benefits from controlling sleeping sickness are accounted 
for in terms of saved costs i.e. costs' of the alternative (cheaper) 
method of controlling sleeping sickness. 
E.g." .Tsetse Control in Sleeping Sickness .Area. 
present value of costs 10,000 (tsetse control) 
present value of benefits 5,000 (increased meat produc-
' 10,000 t l o n) (costs of re-
(alternative costs) settling 100 people 
in .tsetse free country) 
SOCIAL PROEII 5,000 
the project is undertaken and justified since economically viable. 
(b) Protein deficiency 
Some tsetse control projects have been justified with the 
argument of protein defficiency. ^he presence of tsetse prevents 
people from holding cattle and to a large extent elimnates beef 
and milk from their diet resulting in mal-nourishment and particular 
in protein deficiency. 
Protein deficiency is a disease displaying a typical and strong 
inter-dependence with economic development and productivity. How 
can our evaluation procedure account for this aspect? 
Again a number of considerations guide our approach: 
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- for Uganda number of studies ho,ve been carried out 
concerning protein1 requirements, protein availability and 
protein intake;1 to our knowledge an overal protein defi-
ciency has never been established; 
- under the present diet structure as determined not only 
by the productivity of the environment but to a more 
important extent by social customs a deficiency of some 
essential amino a,cids for certain sections of the popula.-
tion in certain parts of Uganda may be justly assumed; 
- while we recognise the high biological value of a.nimal 
protein we also recognise that the deficiency exists among 
the poor and among the uneducated; 
- relief measures must therefore consist of health education 
and provision of the cheapest possible sources of those, 
amino acids lacking; 
- it has been.pointed out that the cheapest source for those 
amino a.cids presently lacking are crops; in most cases 
therefore a, change in the cropping pattern is sufficient; 
alternatively expansion of fish production, provision of 
toned milk and ga„me utilisation offer possibilities of 
dealing with dietary deficiencies efficiently. 
In conclusion we are therefore strongly apprehensive of 
justifying large-scale tsetse control operations with the argument in 
of a protein deficiency. his may not only lead to the execution 
of uneconomic projects, but is also likely to conceal the actual 
causes of mal-nutrition, poverty and la.ck of education. In the 
light of these considerations it appears all the more important 
to assure tha.t tsetse control projects and attempts to promote 
the cattle industry be economical. 
It will only be in well-defined specific situations that 
we may allow the protein argument to enter our economic evaluation 
of a project (possibly for the -^ unyoro operations in Uganda). In 
such a case the alternative cost approach will be chosen. In 
other words we try to estimate the costs of the chea.pest method 
of relieving a protein deficiency and then credit the project under 
concern with additional benefits equal to the value of costs avoided. 
1 # Cleave (1968), Gale (1960), Payne (1963),. Amann (1.970) 
McDowell (1970). 
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